SUMMARY Quantitative analysis of the high-frequency components of the terminal portion of the surface QRS was performed in 42 normal subjects (group 1, ages 18-67 years, mean + SEM 34.7 + 2.2 years) and in 12 patients with symptomatic, sustained ventricular tachycardia (VT) (group 2, ages 48-76 years, mean 59 + 2.3 years). Signal averaging and high-pass, bidirectional digital filtering were used for analysis. The total duration of the QRS, the duration of the low-amplitude signals (< 40 
EXPERIMENTAL and clinical evidence reveals that delayed fragmented electrograms can be recorded from the ischemic myocardium.`6These areas of delayed activation are associated with the occurrence of ventricular arrhythmias, which are probably reentrant. 7 8 Recently, several groups have demonstrated that high-frequency analysis of the signal-averaged surface ECG detects discrete, low-amplitude signals in the terminal portion of the body surface QRS in patients with ventricular tachycardia (VT).9'4 These signals have been labeled as arrhythmogenic ventricular activity, delayed depolarizations or late potentials. These signals correlate well in time with the fragmented activity recorded during epicardial and endocardial mapping in animals and man. 3'8' 9, 11, 15, 16 Thus, analysis of the signal-averaged, high-frequency components of the late QRS appears to be a promising new noninvasive technique for detecting patients with VT. Previous clinical studies have dealt with patients with cardiac disease either with or without VT, and only limited data are available in normal subjects. 13, 14 The purposes of this study were to provide a quantitative analysis of the high-frequency components of the terminal portion of the signal-averaged surface QRS in normal subjects, to test the reproducibility of this analysis, to provide a quantitative analysis of the high-frequency components of the terminal portion of the signal-averaged surface QRS in patients with VT, and to compare the findings of normal subjects with those of patients with VT.
Material and Methods
The high-frequency components of the terminal portion of the signal-averaged QRS were analyzed in 42 normal subjects (28 males and 14 females, ages 18 The data for the two normal groups are presented in table 1 . We compared the young normal subjects (group lA) with the older patients who had normal cardiac findings (group iB) to determine if aging had an effect on the high-frequency components of the terminal portion of the filtered QRS. All four indexes were compared using both 25-and 40-Hz filters. No significant differences were found between groups lA and l B for any of these indexes, at either 25-or 40-Hz filter. In fact, the means of the comparable indexes in groups lA and lB were remarkably similar. However, the values in the older group were more variable, as reflected by the larger standard error of the mean for each index at both frequencies.
Reproducibility
The reproducibility of the various measurements was tested by comparing the results obtained from two consecutive recordings (see analysis) in 15 subjects from group IA. The analysis was performed using both 25-and 40-Hz filters. The individual data points for all measurements in each subject are shown in same recording analyzed with a 40-Hz filter demonstrates similar morphology and amplitude ( fig. 6 ).
Comparison Between Normal and VT Groups (1 and 2) Group I and group 2 were compared to determine if there were significant differences in the values of the indexes (table 2). All four indexes were compared using both 25-and 40-Hz filters. Significant differences existed between the groups for all measured indexes determined at both frequencies. In group 2, the amplitude of the signals in the terminal portion of the QRS was markedly lower and the duration of the lowamplitude signals was longer than in group 1.
The measured indexes of normal subjects and VT patients were also examined to determine if specific values could be found that effectively separated the two groups.
The distribution of the individual data points for group 1 and 2 using either 25-or 40-Hz filters is shown in figure 7 . FIGURE 6 . The same tracing as in figure 5 analyzed using a 40-Hz filter. 90-] (table 2, fig. 7 ) and improved reproducibility (fig. 4) fig. 3 ). We believe that quantitation of the duration of the low-amplitude signals at the end of the filtered QRS is the most direct approach to the recognition of an abnormally delayed ventricular depolarization.
In conclusion, a quantitative analysis of the highfrequency components of the terminal portion of the ventricular activation of the normal heart showed great variability of patterns and amplitude. This variability, as well as the reproducibility of the measurements, was markedly improved by the use of a 40-Hz filter. This analysis also reliably differentiated normal subjects from patients with sustained, inducible VT. 
